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ABSTRACT 
Previous American option studies focused on the valuation of early exercise 
and the pricing models. Large portions of theory of rational exercise of equity options 
have yet to be tested against the observed exercise behavior of the market. In this 
paper, we examine the exercise behavior of Hong Kong equity option by using data 
obtained from the Stock Exchange of Hong Kong. 
We observe the exercise patterns of Hong Kong equity option and test the 
rationality of the patterns. First, we observe the general patterns of exercise. Second, 
we study the effect of ex-dividend date. Third, we test the exercise decision by using 
the difference between intrinsic value and the option price. Finally, we investigate the 
exercise patterns on expiration date. 
Although most of the option exercises are rational, we find some irrational 
exercises in our sample. For example, options were exercised even though they were 
oul-of-the mone% or the\ failed to be exercised when thev should have been. 
«• V w> 
Generally, the exercises of call option are more rational than the exercises of put 
option. 
Besides, we fmd that 10% of call option exercises and 29.44% of put option 
exercises are exercised before expiration. The percentage is much lower than the 
result of US in 1994 and we believe that early exercise is not a common practice in 
Hong Kong. We also find that ex-dividend date affects the decision making of 
exercise in the Hong Kong equity option market. 
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Early exercise is the main feature of American-style option. It means that the 
option grants a holder the right to exercise the contract prior to the option's 
expiration. Professionals set up many rules and concepts to explain the behavior of 
early exercise of option. Most of them were proved in different major stock exchange 
markets except Hong Kong. 
Although American-style option has a long history, it is a young product in 
Hong Kong stock exchange market. Today, the Stock Exchange of Hong Kong lists 
option contracts on 17 individual blue chip stocks and all of them are American-style. 
As a major Asian financial market, its equity option market should be consistent to 
the theories of rational practices. 
Most of the studies emphasized on the valuation of early exercise option or on 
the price of American option. For example, they investigated the effect of dividend or 
used adjusted Black-Scholes to model the price of option. However, in our study, we 
would like to observe the exercise behavior of the equity option and to find out how 
rational it is in Hong Kong. 
We significantly use the work of Overdahl and Martin (1994) by looking at 
exercise decisions over the entire life of option contracts. In their research, they 
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suggested that the use of market close data was not a good approach to investigate 
exercise behavior. Instead, they calculated the difference between the intrinsic value 
and option price in order to find out the opportunities ofexercise. 
Besides, we investigate one of the most important factors for exercise 
decision, ex-dividend date. In principle, call option holders would only exercise their 
contract before expiration on the day prior to the ex-dividend date. We would like to 
know its effect in Hong Kong. 
The paper includes six parts. In section I, we have a literature review to study 
the result of previous researches. We study several researches to understand the 
patterns of option exercise and the effect of different factors such as ex-dividend date 
and intrinsic value. Section II is the revision of the concept of option, the theory of 
early exercise and the theory of rational exercise. Section III describes the data we 
use. The data we use is provided by the Stock Exchange of Hong Kong and it consists 
of 5862 series of options. We describe the methodology to study the data in section 
IV. In this section, we include four studies, 1) the general patterns of exercise, 2) the 
effect of ex-dividend date, 3) the test of exercise patterns and 4) the test of exercise 
patterns on expiration date. The results of the studies are shown in section V. 
Generally, the exercise patterns of Hong Kong equity option do conform to the theory 
of rational exercise. However, we find some irrational exercises which are hard to be 
explained. Finally, we have a conclusion and some recommendations for further study 




Geske and Shastri (1984) investigated the early exercise of American put 
option. Their paper showed that American puts on dividend paying stocks were most 
likely to be exercised either just after an ex-dividend date or just prior to expiration. 
At any other time the option to exercise an American put early might have less value. 
Thus, put writers and converters could predict when protection against premature 
exercise would be most valuable. The probability of early exercise was shown to be 
sensitive to managerial policy regarding the suspension of dividend payments, 
transaction cost, and interest rate. However, dividend payments were demonstrated to 
be the primary deterrent to early exercise. 
Barone-Adesi and Whaley (1986) studied the valuation of American call 
options and the expected ex-dividend stock price decline. Whaley always questioned 
about the decline of stock price after dividend was paid. Traditionally, the decline of 
stock price was the amount of dividend (D). However, they argued that the decline 
was only the part of the dividend which is (aD). a was the symbol they used in 
adjusting the amount of stock price decline and they described that a was not unique. 
They used the Roll (1977) American call option pricing formula and the observed 
structure of CBOE call option transaction prices to infer the expected ex-dividend 
stock price decline as a proportion of the amount of dividend. The test result indicated 
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that the expected relative stock price decline was not company specific, it was 
stationary from year to year, and was not meaningfully different from one. 
Ziveny (1991) studied the value of early exercise in option prices. In his paper, 
he mentioned that his result contradicted to several previous papers that indicated the 
value of early exercise was probably quite small. He believed that a substantial early 
exercise premium was existed in both S&P 100 calls and puts. The average value of 
early exercise was found to be about 3.5% for call options and 10% for put options. 
The findings of his paper suggested that the existing theoretical American option 
pricing models fail to capture all the nuances of the early exercise. 
He mentioned that the value of the early exercise premium varies liked a well 
behave option in that it increased with increasing time to expiration. Second, it 
increased with increase in the risk-free rate of interest. Third it increased with increase 
in the stock price, and forth it decreased with increase in the exercise price. Also the 
value of early exercise for put option was greater than for similar call options. 
He suggested that a modified Hull and White (1988) control variant approach 
to valuing American options was better than traditional American option pricing 
models. This approach added an estimate of the early exercise premium derived from 
empirical observations of the deviations from put-call parity to the B-S European 
price. 
Whaley (1981) studied the valuation of American call options on dividend-
paying stocks. His paper examined the pricing performance of three methods for 
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valuing American call options on stocks with known dividends. The methods include: 
1) the simple approximation obtained by substituting the stock price net o f the present 
value of the escrowed dividends into the Black-Scholes model, 2) the Black 
approximation obtained by taking the higher of the Black-Scholes formula value 
using stock price net of the present value of the escrowed dividend and the Black-
Scholes formula value using the time to ex-dividend as the time to expiration variable, 
3) the correctly specified equation for the American call option on a stock with a 
known dividend. The approximations obtained were shown to induce spurious 
correlation between prediction error and the standard deviation of stock retum, the 
degree to which the option is in-the-money or out-of-the-money, the probability of 
early exercise, the time to expiration of the option, and the dividend yield of the stock. 
Finally, we would like to introduce the work of Overdahl and Martin in 1994. 
Their study was the first comprehensive empirical test of one of the most important 
elements of option valuation: the theory of rational option exercise. They used many 
methods to evaluate the exercise of equity option. Their work was very important for 
this paper because most of the tests used in this paper were suggested by them. 
They tested the theory of exercising using data on equity options from the 
Options Clearing Corporation. Their test were based on a sample of 7098 series of put 
and call options written on 54 stocks between July 1990 and March 1991. They found 
that early exercise was common in the US equity option market. 
However, option exercises did not occur in precise accordance with the theory 
of rational option exercise, although most exercise did conform. They found that the 
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exercise pattern for calls differed greatly from that observed for puts. They also found 
that put options written on non-dividend-paying stocks were frequently exercised 
early but a small set ofcalls written on non-dividend-paying stocks was also exercised 
early. 
Their results were potentially good news for those engaged in trading 
strategies where assignment risk must be managed. They showed that the risk of 
unanticipated assignment, i.e., the probability that exercise occurs when the theory 




CONCEPT OF OPTION AND THEORY OF OPTION EXERCISE 
A call option is a contract that gives its owner the right, but not the obligation, 
to buy something at specified price on or before a specified date. The fact that the call 
owner does not have the obligation to exercise the option means that he has limited 
liability. If the price of the underlying asset fall, he can just walk away from the call 
contract and never has to acquire the underlying asset. 
A put has the similar characteristics. The owner of a put option has the right, 
but not the obligation, to sell something at a specified strike price on or before a 
specified date. 
There are many different types of option contracts; American and European 
are the most common types. An American option can be exercised by its owner on or 
before its expiration date. In the case of European options, the owner can exercise 
only on the expiration date. 
At any time, an option may be in the money，at the money or out of the 
money. A call is said to be in-the-money if the current underlying asset price is 
greater than the strike price. A call is at-the-money when the asset price is equal to the 
strike price, and is oiit-of-the-money when the asset price is less than strike price. The 
terms are reversed for puts. 
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An option's premium can be broken down into two parts, intrinsic value and 
time value, in some time insurance value is also included. The intrinsic value of an 
option is the amount that the option is in-the-money. Thus, intrinsic value of a call = 
max [0, underlying asset price(S) — strike price(K)] which means the intrinsic value of 
a call is the greater of 0 or S-K. For a put option, the calculation is reversed. That 
means the intrinsic value of a put is the greater of 0 or K-S. The time value and the 
insurance value of a call is the difference between its price and its intrinsic value. An 
option, which is out-of-the-money or at-the-money, has only time value and/or 
insurance value. It is also possible that in the money option contains no time value. 
For an American call option, the holder can exercise the option any time. 
Therefore, the holder has two ways to make profit. First, he sells the option to receive 
the market value of call. Second, he exercises the option when the intrinsic value is 
greater than the option's price. However, the price of call option is usually greater 
than its intrinsic value because of time value. Unless the holder makes money, most of 
the holders like to keep the position till expiration. Primarily, the call option holder 
will exercise the option when underlying asset price(S) — exercise price(K) — option 
price(P) > 0. For a put option, when exercise price(K) - underlying asset price(S)— 
option price(P) > 0, the holder will exercise the option. 
However, when the underlying asset is a pay dividend stock, the situation has 
a little difference. It is because the holder can receive extra profit from the dividend. It 
becomes a factor affects exercise decision. The option will be exercised just before 
ex-dividend date in order to gain dividend and time value as much as possible. 
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Exhibit 1 depicts the options holder's dilemma at the ex-dividend instant. Just 
prior to ex-dividend the call option may be exercised yielding proceeds S + D — K, 
where St is the ex-dividend stock price. An instant later, the option is left unexercised 
with value c(St,T-t;X), where c(.) is the European call option formula. Thus, i f the ex-
dividend stock price, St, is above the critical ex-dividend stock price, S*, the option 
holder will choose to exercise his optionjust prior to the ex-dividend date. 
Exhibit 1 
Optimal Point to Exercise an American Equity Call Option 
American call 
option price Ct 
Exercisable value of 
. . ,, •. Lower price bound of American call option 
c+ 丄 n> V European call option 
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Our sample consists of 5862 series of call and put options between Jan 1998 
and Dec 1998. The data employed in this study comes from the Stock Exchange of 
Hong Kong. It introduced the American-style equity option in 1995. Nowadays, there 
are options written on 17 individual stocks and all of them are blue chips. The first 
equity option was issued in August 1995 and it is written on HSBC Holdings. Option 
written on China Telecom is the latest and it was issued in May 1998.The information 
of the underlying equities and the issued dates of the option is shown in Appendix 1. 
The reason why we choose the series is that they cover the entire life of some 
options. The expiry duration of the option are the nearest three months as well as the 
following 2 quarterly months. This means the life of an option is from one month to 
nine months. Therefore one year is enough to investigate the exercise patterns. In 
addition, options which are not expired within 1998 are omitted because the exercises 
cannot be observed from the sample. 
Jan 1998 to Dec 1998 is a suitable period for study. At the end of 1997, the 
Asian financial crisis crashed the Asian stock markets. Thailand, Malaysia, Indonesia, 
Singapore and Hong Kong suffered from the crisis. Because of the devaluation of 
stock, most of the call options became useless, on the other hand, the put options 
became worthy. It is supposed that put option holder has more chance to exercise and 
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the number of exercise of put option would be greater than the number of exercise of 
call option. The down trend of the stock market continued until Aug 1998. At the end 
of 1998, Hong Kong Government decided to purchase stock from the market in order 
to reorder the stock market. It not only raised the Hang Seng Index about 40% but 
also created lots of chance for option holders to make profit from exercising the call 
options. Such high fluctuation in stock price provides a good occasion to justify the 
exercise decision of the option holders. 
We obtain daily trade summary of equity option from the database created by 
the Stock Exchange of Hong Kong. The current records of daily option trade can be 
accessed through the homepage of the Stock Exchange of Hong Kong. It also 
prepared CD-ROM which stores database of historical trade summary and it can be 
ordered through mail. Open interest figures, option exercise total, different option 
prices and general option information are the data we use in the study. In addition, 




INVESTIGATIONS & TESTS 
We include two investigations and two tests in this section. First, we observe 
the general pattem of exercise of both options and provide some general statistical 
results. Second, we investigate the effect of ex-dividend date. Third, we explore 
chances for exercising option and evaluate the exercise decisions. Finally, we 
examine the exercise patterns of option on the expiry date. 
Investigation I: General pattem of exercise 
In the first study, we calculate the total number of option exercise within 1998 
and use charts to observe the distribution of the exercises. We try to verify two 
concepts of early exercise. 
First it is supposed that most of the call options will not be exercised before 
expiration date. Exercise will only occur on the last day before the ex-dividend date 
and always on the expiration date. Since American calls always have some time 
values, they will never be exercised except on those expiration dates or on the day 
before ex-dividend date. The call owner who sells the option receives the intrinsic 
value and some time value. The call owner who exercises the option receives only the 
intrinsic value and loses the time value. 
Second, the put option can be exercised any time. Owners of in-the-money 
American puts will frequently find it optimal to exercise their options early. Consider 
13 
the decision facing the owner of an in the money put who is also very bearish. He 
believes with certainty that the expiration day stock price will be below the strike 
price. Let's assume that the put is selling for its intrinsic value. The investor has three 
possible courses of action: he can hold on to the option, he can exercise the option, or 
he can sell it. Surely, he should exercise the option and he won't wait till expiration. 
There are two steps in this study. First, we find the distribution of early 
exercise day by day. In order to have a direct comparison between two options 
through a long period, we consolidate the number of early exercise and group the 
result into several intervals. Each interval contains consolidated 5 days result. It is 
easy to observe which type of option has higher number of early exercise. Second, 
since the market is downward in 1998, investors become more bearish and prefer to 
have long positions of put option. As a result, the total number of put option is much 
greater than the total number of call option. The higher number of put exercise 
become misleading and this bias affects our comparison between two types of option. 
Thus, we use the daily percentage of exercised option, which is the total number of 
exercised option / the total number of open interest, to eliminate the bias and to make 
our result more convincing. 
Investigation II: Ex-dividend date effect 
The second study focuses on the effect of ex-dividend date. Theoretically, the 
only chance that an American call owner exercises his option early is the date before 
ex-dividend date. A given stock price has a critical level of dividend. Once it is 
trigged, early exercise occurs. It is because the paid dividend compensates the loss of 
time value ofthe option. Besides, once dividend is paid, stock price drops and the call 
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value drops as well. The larger the dividend is, the bigger the drop is. Because of the 
drop, no call exercise should be found on the date just after ex-dividend date. Option 
holder prefers to gain the intrinsic value from exercising and give up the time value of 
the call option on the day prior to the ex-dividend date. 
Similarly, early exercise of put option is most likely to occur immediately 
after the ex-dividend instant. After paying the dividend, the stock price is dropped, i.e. 
S — D or S- aD. When the stock price drops, bearish gains money from the put option. 
As a result, the number of exercise is supposed to be increased. 
Most of the large listing companies, blue chip, paid two dividends in 1998. In 
our sample, only China telecom paid no dividend. The information of ex-dividend 
date is shown in Appendix 1. In this study, we focus on the number of exercise within 
15 days before and after ex-dividend date. We believe that it is long enough to show 
the change of the number of exercise. In order to eliminate the bias discussed in the 
last investigation, we calculate the daily percentage of exercised option to overcome 
the down trend effect in 1998. 
Test I: Test of exercise decision by using intrinsic value 
It is the most important test in our study. We are following the hypothesis test, 
suggested by Overdahl and Martin in 1994, in order to investigate the efficiency of 
the market and to evaluate the rationality of exercise decisions. We state the following 
hypothesis: 
Ho： Option exercises are rational 
HA： Option exercises are not rational 
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There are many methods to evaluate the rationality of option exercise. The 
simplest way to test is to compare the intrinsic value and the option's market price. 
When the intrinsic value of the option is greater than its market price, option holder is 
willing to exercise the option. It is also an arbitrage for investor to buy option and to 
exercise it immediately. Therefore we set the following criteria to accept and reject 
the hypothesis. 
Accept (A1): When the option's intrinsic value is greater than its price, 
exercise occurs. 
Reject (R1): When the option's intrinsic value is greater than its price, 
exercise does not occur. 
On the other hand, we also have to test the pattern of not exercise. If the 
intrinsic value is less than the option price, no one is willing to exercise. It is irrational 
to exercise if the option's market price is greater than its intrinsic value. Therefore we 
can state the criteria into the following: 
Accept (A2): When the option's intrinsic value is less than its price, 
exercise does not occur. 
Reject (R2): When the option's intrinsic value is less than its price, 
exercise occurs. 
The above criteria are logical, however, it is nearly impossible to test the 
hypothesis directly from the market. In other to justify each exercise decision, we 
have to compare the intrinsic value of the option and its market price at the precise 
instant. It is impossible to trace the exact time for each exercise and we cannot 
perform the comparison accurately. 
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For example, a put option holder who is a bearish and exercises his option. At 
the same time, he buys the same amount of stock shares from the market in order to 
settle the put option he exercised. All exercise is settled by the clearing house at night. 
Thus, it is nearly impossible to reveal the time during the trading day when the 
decision is initiated and it is difficult to compare the strike price and the purchasing 
price of stock. 
In addition, we have to account for the problem of intraday exercise. It is a 
complicated problem because of non-synchronous trading of the option and the 
underlying stock. This means that a real-time comparison of the reported prices from 
the options and stocks may not reflect the true prices used in an exercise decision. 
To overcome the problems, we search the opportunities during the trading 
days where profitable chance exists, and check to see if exercise occur on these days. 
We cannot reject the null hypothesis if we observe any execution of exercise on such 
days. If exercise occurs when there is no chance to make profit in the whole trading 
day, we can definitely claim that such exercise is irrational. 
Given the fact that the precise time of hitting an exercise is unknown, the 
above method is the most power analysis. Overdahl and Martin suggested a method of 
using intrinsic value discriminators to generate the profitable opportunities. The 
intrinsic value discriminator is the difference between intrinsic value and option 
market price. There are three sets discriminators, maximum, minimum and close 
discriminator. 
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The maximum discriminator, Amax, is the maximum difference observed 
between the option price and the corresponding intrinsic value within the same trading 
day. Therefore, 
Amaxc = (daily highest stock price — call option exercise price) 
- d a i l y lowest call option market price 
Amaxp = (put option exercise price - daily lowest stock price) 
-da i ly lowest put option market price. 
When Amax < 0, it means that there is no opportunity to exercise the option. 
The lowest option market price is greater than its maximum intrinsic value so that 
selling the option is more profitable than exercising it. If we show any exercise which 
Amax < 0 on the same day, we are confident that we find an exercise which is irrational 
and reject the hypothesis, i.e. rejection rule R2. If we show any exercise which 八匪 > 
0 on the same day, we cannot reject the hypothesis that the exercise is rational, i.e. 
acceptance rule A1. 
The minimum discriminator, Amin. is the minimum difference observed 
between the option price and the corresponding intrinsic value within the same trading 
day. Therefore, 
Aminc = (daily lowest stock price — call option exercise price) 
— d a i l y highest call option market price 
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Aminp = (put option exercise price - daily highest stock price) 
—daily highest put option market price. 
It is another way to study the same problem. When A m i n � 0 , it provides 
chances for an investor to make profit from option exercise. Investor prefers to 
exercise because minimum intrinsic value is greater than the highest market price of 
option. If we observe any option which is not exercised even A m i n � 0 on the same 
trading day, we are confident that we find an exercise fails to occur which is irrational 
and reject the hypothesis, i.e. rejection rule R1. On the other hand, if we show any 
option which is not exercised when Amin < 0 on the same trading day, we cannot 
reject the hypothesis that the observation is rational, i.e. acceptance rule A2. 
The close discriminator. Aciose. is the difference observed between the close 
oplion price and the corresponding close intrinsic value within the same trading day. 
Therefore. 
、\丨。、“.二 （daily closc slock price — call oplion exercise price) 
daily close call oplion market price 
Ajoscp^ (pul option cxercisc pricc - daily close stock price) 
- d a i l y close put option market price. 
W'hen Ajosc < 0. thcre is no profitable opporlunily and it is supposed to find no 
exercisc ofoption. When A,io.so > 0. any oplion which is not exercised fails to comply 
wiih the rationalit> . 
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The Aciose is included mainly for the purpose of comparison with the other two 
discriminators, Amax and Amin. Since other studies liked to use the close market data to 
analyze their problems, we calculate Adose to compare the results of the other two in 
order to show the strength of using Amax and Amin and to find out the best analysis 
methods. 
Test II: Test of exercise on expiration date 
On expiration date, call option contains no time value and no insurance value. 
The value of the option is equal to its intrinsic value. When the underlying stock price 
is greater than the strike price of an option, its intrinsic value is greater than zero and 
it is an in-the-money option. In-the-money option must be exercised on expiration 
date because it is the last chance to make profit. When the underlying stock price 
value is smaller than the strike price of an option, its intrinsic value is zero and it is an 
out-of-the-money option. No out-of-the-money option will be exercised because 
option holder makes a loss. When the underlying stock price is equal to the strike 
price of an option, it is an at-the-money option. Because of the transaction cost, most 
of the at-the-money options may become out-of-the-money and they should not be 
exercised. The terms are reversal for put option. 
First of all, we use daily close data to calculate the intrinsic value. The 
calculations ofusing daily close information are as follows: 
Intrinsic value of call option = daily close stock price 一 strike price 
Intrinsic value of put option = strike price — daily close stock price 
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According to the theory, when the intrinsic value exceeds strike price, it 
should be exercised to make profit. The above calculations provide suitable result to 
verify this theory. The close data used show the last intrinsic value of the option. It is 
the last chance for an option holder to exercise an in-the-money option. Any in-the-
money option which is not exercised is violated the theory. 
However, the above calculations contain only daily close information and they 
result may be misleading. For example, if the close price is the daily lowest price, the 
intrinsic value is under-estimated. As a result, many in-the-money options become 
out-of-the-money and the exercises of these options become irrational. In order to 
prevent the under-estimation of intrinsic value, we should calculate the maximum 
intrinsic value of the option. The calculations of the maximum values are as follows: 
Maximum intrinsic value of call option = daily high stock price — strike price 
Maximum intrinsic value of put option = strike price - daily low stock price 
When the maximum intrinsic value is less than zero, there is no any profitable 
opportunity for option exercise. Therefore, any exercise found is violated from the 




Result I: General pattern of exercising 
In the sample, we find 267338 exercises. 117425 of them are call exercises 
and 149913 of them are put exercises. 11748, or 10%, of call option exercises are 
exercised before expiration. For put option, there are 44132 early exercises and it is 
29.44% of the total exercises. From the result, we observe that the early exercise of 
call option is less popular than the put option. The result conform to the theories that 
call option will only be exercised on expiration date or the date before ex-dividend 
date and put option can be exercised any time. Call option holder likes to gain time 
value as much as possible and waits until just before the option is expired or to gain 
the paid dividend. The number of early exercise of put option is much larger. The 
percentage of early exercise of put option is three times more than call option. 
However, we afraid that the down trend of the market stimulates the total number of 
put options and the number of put exercise becomes misleading. As a result, we 
calculate the percentage of early exercise to prevent the bias. 
First of all, Appendix 2 shows a clear picture of the distribution of early 
exercise of call options. We show all early exercises of call option up to 120 days 
before expiration because there is no exercise beyond this period. Appendix 3 shows 
the distribution of early exercises of put option and there is no exercise beyond the 
204 days before expiration. From the graphs, it is easy to observe that the exercises of 
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put option are more frequently. In order to compare the number of early exercise of 
two types option directly, we consolidate the data and group into 12 intervals and 
each interval consists of 5 days data. Appendix 4 shows the result of the comparison. 
Except interval 7 and interval 9, the numbers of put exercise lead all the others. The 
number of early exercise of put option is larger than the number of call option 
especially at interval 4. 
However, the result is not convincing enough because the down trend of stock 
market in 1998 would increase the total number of put option and the number of put 
exercise. It is supposed that the total number of put options is greater than the total 
number of call option. Therefore the larger number of put exercise becomes 
misleading. In order to prevent the bias, we calculate the percentage of exercise, the 
number of daily exercised contract divide by the number of daily open interest, and 
the result is shown in Appendix 5. As mentioned, there is no call option exercised 
beyond 120 days before expiration, it is not necessary to compare after this day. Now 
it is clear that early exercise of put option is much more popular than call option. 
Appendix 6 is a supplementary graph. The percentage difference, percentage 
of put option exercised — percentage of call option exercised, is calculated and it is 
easier to observe the conclusion that the exercise of put option is more popular than 
call option. 
It is hard to evaluate the popularity of early exercise. Fortunately, we can use 
the result of Overdahl and Martin (1994) as a benchmark. They had the similar 
conclusion that puts were exercised more frequently than calls. They found 28.34% 
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of call exercises were exercised before expiration and 57.04% of put exercises were 
before expiration. The percentage we find are 10% of call exercises and 29.44% of 
put exercises are before expiration. It is clear that early exercises of options are less 
popular in Hong Kong than in America. 
Finally, we calculate the number of exercised options each month and the 
result is shown in Appendix 7. It is interesting that the number of exercise of put 
option is leading the number of call exercise from the start to the middle of 1998, 
except February and March. It is a reasonable observation. Actually, there are three 
main trends of Hang Seng Index, shown in Appendix 8, in 1998. From February to 
March, the market was going up so that the exercises of call option were more 
popular. From April to August, because of the world financial crisis, the market 
continuously dropped about 50%. It was a good chance to make profit from put 
option, as a result, the number of exercise of put option was much larger. From the 
end of August to December, the index went up more than 50%. It may because of the 
intervention of Hong Kong Government and the drops of the interest rate. During the 
period, the number of call exercised was increasing and the number of put option 
exercised was decreasing especially from October to November. It gives a general 
impression that the Hong Kong equity option market is rational and efficient. 
Result II: Ex-dividend date effect 
The result of the test is shown on Appendix 9. The negative day number 
represents the number of day before ex-dividend date, the positive number represents 
the number of day after. In the diagram, we show the data within the range of 15 days 
before and after the ex-dividend date. It is long enough to study the effect of ex-
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dividend date. Actually we only have to focus on the days around the ex-dividend 
date to study how ex-dividend date affects the exercise decisions. Similar to the 
previous, we compare our result to the findings of Overdahl and Martin (1994) to 
verify the difference between two markets. 
The number of exercised call option on the day before ex-dividend date is 
4950 and there is no exercise on the ex-dividend date. After the ex-dividend date, the 
exercise number of call option dropped to zero and remains in a lower level. As 
mentioned there are totally 117425 call exercises. As a result, 4.215% of exercises are 
executed on the day before ex-dividend date. It totally conforms to the theory that the 
day before the ex-dividend date is one of the most favorite dates for option exercise. 
The extreme high number of exercise at the third before ex-dividend date may 
because of the effect of weekend. If the ex-dividend date is on Monday, Friday 
becomes the previous trading date. Therefore, the exercises on this day should also be 
considered to the day before ex-dividend date. Actually, there are 29 ex-dividend date 
related to 17 underlying stocks and 8 of them are Monday. We should better remove 
the effect of weekend. In addition, any holiday which exist within our investigation 
period will also affect our result. 
In order to eliminate the influence of weekend or holiday, we ignore all 
Saturday, Sunday and any holidays to calculate the exact number of day before and 
after the ex-dividend date. For convenience, we narrow our scope to 4 days before and 
after the ex-dividend date. The result is shown in Appendix 10. It is easy to observe 
that the number of call exercise is extreme high. 8588 call exercises are found and it is 
7.3140/0 of total call exercises. Totally, we find 9046 call exercises within our study 
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period and 95% of them are occurred on the day prior the ex-dividend date. The 
finding is more clear and accurate than the previous and we are confident to state that 
the ex-dividend date effect is existing. It is interesting that we find 40 calls were 
exercised at the day just after ex-dividend date and 220 calls were exercised at the 
second day after ex-dividend date. We believe these exercises are irrational since 
everyone know that stock price drops after ex-dividend and the intrinsic value of an 
option drops as well. As a result, it is not a good chance to exercise. 
On the other hand, the exercise of put option is also rational. It is easy to 
observe from Appendix 9 that the exercise of put option is more frequent after the ex-
dividend date. The total number of exercise within the period from the day before ex-
dividend date to 15 days before is 4922 and the total number of exercise within the 
period from ex-dividend date to 15 days after is 15283. The latter is about 3 times of 
the former. It conforms to the theory that at or after ex-dividend date provides many 
good chances for bearish to make money from put option. It is because stock price 
will drop after dividend is paid, which is St+i = St -D. However, we cannot explain the 
extreme high exercise at the 4 days before ex-dividend. Fortunately, it cannot affect 
our study and we still show the effect of ex-dividend date. 
The result of put exercise without holiday nor weekend effect is shown in 
Appendix 10. Before the ex-dividend date, the result is similar to the result shown in 
Appendix 9. However, after the ex-dividend date, a down trend is find in Appendix 10 
which is not shown in Appendix 9. After the ex-dividend, the number of put exercise 
is decreasing. It is because the effect of dividend paid is decreasing when time goes 
by, thus, the interest to exercise put option is also decreasing. 
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The percentage of open interest exercised is shown in Appendix 11. Weekend 
and holiday effect are eliminated and we get similar result. It means that the results 
are not affected by the down trend in 1998. 
The results we find are consistent with the result of Overdahl and Martin 
(1994). They checked about the exercise within the range of 4 days before and after 
the ex-dividend date. 29.65% of the in-the-money calls were exercised on the day 
prior to the ex-dividend date and it is 84.04% of all calls that are exercised early 
during the same period. Although their result formats are different from ours, the 
conclusion is the same that day before ex-dividend date is a popular day for option 
exercise. Although Overdahl and Martin (1994) did not agree that the day just after 
ex-dividend date increases the number of put exercises, their findings showed that the 
exercise of put option was more frequent after the ex-dividend date and it is similar to 
our result. 
Result III: Test ofExercise Decision by Using Intrinsic Value 
Appendix 12 shows the result of discriminator test. The table includes four 
columns. First column is the condition of discriminators, Amax, Amin and Ads. Second 
column contains the types of option, call and put. Third column is the number of 
option exercised and the cells which are highlighted represented the deviations. Last 
column is the number of not exercise, it is the aggregation of the number of open 
interest. The total rows show the total number of option exercise and the total number 
of option not exercised of each classification. 
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Discriminator Amax 
From the result, we observe that 40925 call options were exercised when Amax 
> 0. It is consistent to the acceptance rule A1 that exercise will occur when option's 
intrinsic value exceeds the market price of the option. It is a rational exercise pattern. 
103 calls were exercised when Amax=0. Finally, 469 call options were exercised when 
Amax < 0 and according to rejection rule R2, it is irrational. When Amax < 0, there is no 
any profitable chance to exercise and it is supposed that no exercise occurs. The result 
for put option is 27120 put were exercised when 八隱 > 0, 2915 put were exercised 
when Amax < 0 and no put were exercised when 八匪 二 0. 
Totally, 41497 call exercises and 30035 put exercises are observed. The 
deviations, which do not conform to the hypothesis, of call option are 469 or 1.13% of 
total exercises and the deviations of put option are 2915 or 9.71%. We ensure that 
some exercises are irrational but we cannot reject the hypothesis since the number of 
deviation is not significant. 
In addition, we show that the exercise patterns of call option is more rational 
than the pattern of put option. This result contradicts to the study of Overdahl and 
Martin (1994). They found that 3287 early call exercises out oftotal 43384 or 7.58% 
and 5298 early put exercises out of total 193610 or 2.74% were irrational. It showed 
that the exercise pattern of put option was more rational than the pattern of call 
option. 
Discriminator Amin 
In this part, we focus on the number of not exercise in order to evaluate the 
decision of not exercise an option and the number of open interest is used to interpret 
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the distribution. From the result, we observe that 3631206 call options were remained 
in open positions when Amin < 0. It is consistent to the acceptance rule A2 that exercise 
will not occur when option's intrinsic value is less than the market price of the option. 
The decisions are rational. 279 calls were not exercised when Amin = 0. 25372 call 
options were not exercised when Amin�0 . According to rejection rule R1, it fails to 
conform to our hypothesis and it is irrational. When Amin � 0 , it is a profitable 
opportunity to exercise option and it is supposed that exercise occurs. The result for 
put option is 2402376 puts were not exercised when Amin < 0, 100 puts remained open 
when Amin = 0 and 2193 puts were not exercised when Amin�0 . 
Surely there are some irrational not exercise decision but the situation is not 
bad. 25372 out of 3656857 of open call positions do not conform to the hypothesis 
and it is only 0.7%. For put option, 2193 out of 2405029 open positions are failed to 
conform to the hypothesis, it is about 0.09%. The deviations are so insignificant that 
we cannot reject the hypothesis. 
Il is interesting that the not exercise pattern of call is more irrational than the 
pattern of put. Again the result contradicts to the research of Overdahl and 
Martin(1994). They found 0.036% of total open call positions and 0.115% of total 
open put positions did not exercise rationally. 
Discriminator Ads 
The main function of this test is to compare the above results to show which 
test is more reasonable. 
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28385 out of 41497 call exercises are found when Ads < 0. According to 
rejection rule R2, the exercises are irrational. In Amax , we only find 469 call exercises 
deviated from the hypothesis. The percentages of deviation of two tests are 68% and 
1.13%. The big difference can also be found in the exercise pattern of put option. In 
Acis, 12334 out of30035 put exercises are inconsistent to the hypothesis. In Amax, only 
2915 irrational put exercises are found. The percentages of deviation of two tests are 
41.65% and 9.7%. The deviations of using Ads are unexpected large and it can only be 
found in an unreasonable market. It is difficult to believe such kind of market is 
existing. Therefore we have enough confidence to believe that Amax is better than Ads 
for the hypothesis test. 
On the other hand, the result of testing of not exercise pattem is also 
unacceptable when Ads is used. Through Ads , we found that 188881 call open 
positions and 137774 put open positions are irrational. The results shown in 
percentage are 5.165% and 5.73%. However, through Amin，we get only 27374 call 
open positions and 2193 put open positions are irrational. The percentage is 0.7% and 
0.09%. There is a big difference between two tests and we believe that Amin is better. 
Hong Kong is a mature financial market and we expect that the market is 
efficient and rational. The results shown by Amax and Amin prove that the exercise 
patterns of both types of option are rational. Although deviations are existing, it is 
only a small proportion and it is not strong enough to reject the hypothesis. In 
addition, the use of Amax and Amin are better than Ads. Actually, analysts always 
criticize that the use of close market data is not accurate in many situations. In our 
30 
test, if only close market data is used, the deviations will be unreasonable high. It is 
because many opportunities are over looked. 
Result IV: Exercise on expiration date 
Appendix 13 shows the results of the test. First of all, we discuss about the 
result of call exercises. In experiment 1, we observe 191 calls were exercised when 
the options were out-of-the-money and 94656 calls were not exercised when the 
options were in-the-money. 
No option should be exercised when it is out-of-the-money and we cannot 
explain why 191 calls were exercised in this condition. Fortunately, in experiment 2, 
there was no exercise when the call option was out-of-the-money or at-the-money. 
The difference between the results is because the daily high stock price used in the 
experiment 2 can explore profitable opportunities for option exercise more accurate 
than the use of daily close stock price in the experiment 1. When MAX > 0, it means 
that daily highest stock price is greater than the option's strike price and profit 
opportunities must exist in that trading day. When MAX < 0 or MAX = 0, it ensures 
that no chance to make profitable exercise within the trading day. However, CLS < 0, 
CLS = 0 and CLS > 0 only represent the status at the moment of market close. 
Therefore, result of experiment 2 is more comprehensive and accurate for studying 
the pattern of exercise and we find no exercise when MAX < 0 and MAX = 0. 
About the not exercise, in experiment 1, we find 94656 out of 343916 not 
exercised call options when CLS > 0. In experiment 2, 106196 out of 343916 not 
exercised call options are found when MAX > 0. We believe that the result of 
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experiment 1 is more accurate. It is because the instant before market close is the last 
chance to exercise in-the-money option and any not exercise found should be 
irrational. Therefore, 27.523% of call open positions are irrational but it is easy to 
explain. The deviations are because of the transaction cost. We believe that the 
options will become out-of-the money when the transaction cost is considered. The 
exist of transaction cost reduces the intrinsic because S — K 一 T < S — K and no one 
will exercise the option in this situation. 
Then we discuss about the result of put option. We have already discussed the 
reason why we find some in-the-money options which are not exercised. In 
experiment 3 and 4, there are 69480 and 72729 put options have the same phenomena 
and the total number of put open position is 243474. Again the result of experiment 3 
is more accurate. 
However, in both experiments, we find 2011 out-of-the money put options 
were exercised. It is surprising and we cannot explain this violation. Fortunately it is 





Hong Kong is a mature financial center in Asia. Its stock market and future 
market have a long history. Options on Hang Seng Index and on Hang Seng Future 
Index are popular products. However, option written on equity has a shorter history. 
The first equity option was issued at 1995. Although it is a young product, it is 
supposed that the option should be exercised rationally. 
In this study, we use several methods to investigate and to test the exercise 
patterns of call option and put option. Although we find some irrational patterns, most 
ofthe results are rational. We have the following conclusion of our result. 
First of all, compare to US, early exercise of equity option is not a common 
practice in Hong Kong. Overdahl and Martin(1994) found that 30% of all exercised 
calls and 60% of all exercised puts in US were exercised before expiration. However, 
in Hong Kong, we only find 10% of call exercises and 29.44% of puts exercises are 
exercised before expiration. It is hard to say that early exercise is common in Hong 
Kong. But we observe that the early exercise of put is more popular than the early 
exercise ofcall. This complies with the theories that investor is not willing to exercise 
call option except on expiration date or the date before ex-dividend date and the put 
option can be exercised any time when the holder makes profit. 
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Second, we observe that 7.314% of total exercises of call option occur at the 
day before ex-dividend date. Although it is consistent with the theory that we have 
mentioned, it is quite surprising. The dividend paid by Hong Kong companies is much 
less than the dividend paid of other market such as US. Therefore it is supposed that 
dividend has no or little effect on exercise decision of options. Now we find 8588 call 
exercises at the day before the ex-dividend date. It is a large single day result and we 
believe it is because of the effect of ex-dividend date. We also find that exercise of 
put option is more frequent after the ex-dividend date. It is because stock price drops 
after dividend is paid. 
Third, from the discriminator test and the test of exercise on expiration date, 
we know that most of the exercises are rational and profitable. The tests we use help 
us to understand the exercise behavior of option holders and the use of daily highest 
price and daily lowest price are better than the use of daily close price. Most of the 
exercises are rational. However, we cannot explain some deviations. For example, we 
find some put exercises are out-of-the-money. It is not reasonable and we cannot 
explain this. Perhaps careless trade is one of the reasons. In general, call exercise 
patterns are more rational than the exercise patterns of put. 
We agree that Hong Kong equity option market is rational and the exercise 
behavior complies with theories of rational exercise. However, we find some 
deviations. The questions are about the not exercise of in-the-money option and the 
exercise of out-of-the-money put. Further study is necessary to solve the problems. 
We have suggested that the transaction cost is one of the reasons why some of the in-
the-money options are not exercised but we need more evidence to support. The 
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second question is more difficult and complex. Fortunately, the percentage of this 
kind of exercise is small and we can ignore the deviations in our test. Finally, thin 
trading problem, which affects the real trading price of stock and option, will affects 
the test result so that it should also be considered. 
Although our study and test are conservative and the percentage of deviation 
may be higher, we still have confidence to believe that the exercise behavior of Hong 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































RESULT OF DISTRINflNATOR TEST 
Discriminator Condition Option Type Exercised Not Exercised 
MAX<0 C 469 2945354 
MAX=0 C 103 40775 
MAX>0 C 40925 670728 
T ^ 4l497 3656857 
MAX<0 P 2915 1939228 
MAX=0 P 0 5971 
MAX>0 P 27120 459830 
Total M 3 5 2405029 
U m < 0 C 40203 3631206 
MIN=0 C 429 279 
MIN>0 C 865 25372 
T ^ i a “ 4T497 3656857 
MIN<0 P 29992 2402736 
MIN=0 P 3 100 
MIN>0 P 40 2193 
T o S 30035 2405029 
CLS<0 C 28385 3456524 
CLS=0 C 1697 11452 
CLS>0 C 11415 188881 
— Total 41497 3656857 
CLS<0 P 12334 2260606 
CLS=0 P 2 6649 
CLS>0 P 17699 J37774 




EXERCISE NO. ON EXPIRATION DATE 
Experiment No. Test Option Value Option Exercised Not Exercise 
Type 
=1 
CLS<0 Out-of-the money C 191 248119 
CLS=0 At-the-money C 309 1141 
CLS>0 In-the-money C 105177 94656 
2 “ 
MAX<0 Out-of-the money C 0 234838 
MAX=0 At-the-money C 0 2882 
MAX>0 In-the-money C 105677 106196 
3 — 
CLS<0 Out-of-the money P 2011 173350 
CLS=0 At-the-money P 584 644 
CLS>0 In-the-money P 103186 69480 
T ~ 
MAX<0 Out-of-the money P 2011 169749 
MAX=0 At-the-money P 257 996 
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